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ABSTRACT 
Soap contammg hexachlorophene inhibi ted " in vit ro" growth a nd produced marked 
ul t rastructura l changes in cells of Corynebacterium acnes.§ Bacteria l cell wa ll appeared 
poorly defined. P las ma membrane became irregula rly separated fro m cell wall. Mesosomes 
and nucleoplas m could not be distinguished. Cytoplasm beca me electron lucent. In con-
t rast, soa p con ta ining no germicide d id not show a similar effect. 
Hexachlorophene (H CP) has been widely used 
as an ant ibacteria l in soaps, detergents, oils and 
other vehicles for many years (1). Alt hough its 
activity against cutaneous bacte ria has been doc-
umented in a large number of publications (2), its 
mechanism of action, pa rt icularl y at the in t racel-
lular level of cuta neous bacteria, is not precisely 
kn own . A combined cultura l and electron micro-
scopic study was undertaken to ga in information 
on the in vitro mode of action of H CP-contai nin g 
soa p on Corynebacterium acnes. T his organism 
was chosen because it is the most abundant one 
in many a reas of human skin (3), it lends itse lf 
well to ultrastructural study (4) and its sensit ivity 
to H CP has been prev iously shown (5). 
MATERI AL AND METHODS 
N ine di ffe rent stra ins of C. acnes were used as shown 
in the Table. Cul tures were provided by Dr. R. Marples, 
Dr. J. G. Voss, Dr. S. M. P uh vel, or isolated from pa-
tients in the Acne Clinic of the Department of Derma-
to logy, Uni vers ity of Alaba ma in B irmingha m, Medical 
Cente r. 
All orga nis ms were ma inta ined on Bra in-Heart infu-
sion agar (BHI) suppl emented wi th a 1% (w/v) glucose. 
The inocula were prepared by subculturing in tubes of 
Bra in -Heart Infusion Broth (Di fco) supplemented with 
1% glucose and incubating at 37° C in a nitrogen atmos-
phere (6) . Good growth was obta ined in 1- 2 weeks. 
Us in g a Spect roni c (Bausch & Lomb) spectropho-
tometer with a wave length of 660 miL, the organism 
suspensions were adjusted to 20% li ght tra ns mittance in 
T ABLE 
Inhib itory concentrations of hexachlorophene containing soap for strains of Corynebacte rium acnes 
Soa p Hexnch I oro- Strains 
Soap sa mples concentrat ion phenc conccn- CAAV CAAV CA ("~/m i l tration (J.tg/m O 0 9 30•148 W- 1 D-36 # !8 12 12- 1 Fld. CACC 
Soap 0108 (no 66 0 + 
germicide) 6.6 0 + 
0.66 0 + 
0.066 0 + 
0.0066 0 + 
Soap 0110 66 1 -
6.6 0. 1 -
0.66 0.01 
0.066 0.001 NT 
0.0066 0.0001 NT 
+ = growth ; - = no growth; NT = not tested . 
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the case of stra ins W-1 a nd D-36, and to 50% light 
t ransmittance in a ll others . 
T wo different soa ps were tested: One conta ining 1.5% 
HCP, a nother conta ining no germi cide. The soap sam-
ples were dissolved in water a nd the solut ions incorpo· 
rated in to agar a t fina l concent rations of 66 Jlg/ml, to 
0.0066 !Lg/ml. T he concent ration of HCP in the soap 
suspensions tested were 1.0 to 0.0001 1-Lg/m l. Petri plates 
were fill ed wi th 25 ml BHI agar/plate and the pre-
viously descr ibed inocula streaked onto the hardened 
surface of t he agar with a 4 mm inoculat ing loop. Con· 
trol plates (con ta in ing no soap) were included for each 
organism . Incubation was carried out at 37° C in a ni-
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t rogen atmosphere for 6- 19 days. Cells from 1- 2 week 
old cul tures were harvested, processed for electron mi -
croscopy and studied as described before (4). 
When growth was visible on the control plate of a 
given strain of C. acnes, all plates inoculated wi th tha t 
orga nism were removed from incubation, examined, and 
the presence or absence of growth noted. The resul ts are 
summari zed in the Table. 
Growth was not inhibi ted in any of the strains of C. 
acnes tested on the media wi th soap conta ining no ger-
mi cide. 
RESULTS 
In t he cul tures grown in media wi t h H CP-con-
ta ining soap, growth was inhibited in a ll s tra ins 
at leve ls of 1 J.Lg/ml and 0.1 J.L g/ml H CP concen -
t ra tion. In one stra in only (D-36) growth was fur-
t her inhibited at a concentra tion of 0.01 J.Lg/ml. 
Lower levels of germicide concentration (0.001 
a nd 0.0001 llg/ml) were tested aga inst fi ve of t he 
nine stra ins a nd ha d no vis ible effect on growth . 
Cells of C. acnes grown in the pre ence of pla in 
soa p were ul t rastructura lly ident ica l to cells of C. 
acnes commonly observed in human skin (Fig. 1) 
or in routine cultures (4) a nd showed no ultra-
structura l abn orma li t ies (Fig. 2). 
Most cells of C. acnes cult ured in the presence 
of H CP -containing soa p displayed a number of 
ul t rastructura l a lterations (Figs . 3- 6) . The cell 
wa ll which norma lly looks sha rply demarcated 
a nd has a fa irl y uniform t hickness (Fig. 1) became 
poorly defined ; it a ppeared thinner in some areas 
a nd thi cker in others (Figs. 4, 5, 6). The plasma 
membra ne beca me irregularly separated from the 
cell wa ll and folded ma ny t imes formin g pockets 
wi t hin t he cytoplas m (Figs. 3, 4). In some cells 
only remna nts of the plas ma membra ne were seen 
(Figs. 5, 6). Whether or not these were a ltered 
mesosomes, a prominent organelle in C. acnes (4) , 
could not be ascerta ined but t ypi ca l mesosomes 
were not distin guisha bl e. 
The norma lly electron dense cyto plas m of C. 
acnes (4) beca me elect ron lucent (Figs. 3, 4). In 
some cells, however, a few elect ron dense a reas 
were left scatt ered t hroughout t he cytoplas m 
(Figs. 5, 6). The nucleoplasm cou ld no longer be 
observed . M any cells showed only a ce ll wa ll a nd 
complete disappearance of the interna l structures. 
Sometimes the cell wa ll was ruptured (Fig. 6) or 
fragmented . 
DISCUSSION 
This study confirmed the work of K oda et al. 
(5) which showed in vitro inhibi t ion of growt h of 
C. acnes by H CP . Furthermore, these observa-
·tions revealed that upon exposure to H CP-con-
taining soap the plas ma membrane of C. acnes is 
so definitely a ltered that a ta rget role for this or-
ga nelle can a lmost be postulated . Electron cyto-
chemical staining techniques (7) have shown that 
t he plas ma membrane of bacteria is the site of 
succinic dehydrogenase activity. This may be rel-
eva nt to our experiments because Gould et al. (8) 
de monstrated tha t inhibition of succ inic dehydro-
genase a nd other oxidative enzymes can be pro-
duced in bacterial cells by H CP. The loss of the 
norma l relat ionship bet ween plas ma membrane 
and cell wa ll resembles the effect of penicillin on 
Bacillus megaterium shown by Fitz -Ja mes and 
Hancock (9) . 
Early in their studies, J oswick and Gerhardt 
(10) hy pothesized that t he mode of action of HCP 
was rela ted t o detergen t effects . Thus if HCP 
would concentrate at the cell surfa ce and disrupt 
permeabili ty, leakage of cell contents with pro-
gress ive loss of fun ction and eventua l death would 
occur. More recently, J oswick et al. found that, 
compa red to other surface active agents, HCP 
was superior in abili ty to cause leakage of intra-
cellula r materi a ls from B. megaterium (11) . They 
a lso observed that cells and proto plasts of the 
sa me bacterium were lysed by " in vit ro" concen-
t ra tions of H CP as low as 10 J.Lg/ m g (1 2, 13) . 
Bolle and Mirima noff (14) suggested tha t HCP 
exerts its a nt imicrobia l a ction directly on the 
bacteria l cytoplasm, perhaps by denaturing the 
proteins. The defini te loss in cytoplasmic electron 
density observed in our cells of C. acnes would 
support this content ion. 
Traub et al. concluded that the H CP -induced 
reduct ion of saprophyte and pathogenic cuta-
neous organis ms does not result from bacterio-
stasis but from actua l killing of bact eria (15). 
FIG. 1. Ty pica l appea rance of C. acn.es as seen within a comedo from an acne pat ient. The double plas ma mem-
brane runs closely para ll el to th e cell wall. The nucleoplas m is rather diffuse. x 77,000. 
FIG. 2. Dividing cell of C. acn.es (strain D-36) cul tured for eight days in the presence of plain soa p, 66 J.l g/ml me-
dium. Note the similar cell wall plas ma membrane arrange ment as shown in Fig. 1. x 80,000. 
FIG. 3. Di viding cell of C. a.cn.es (strain CACCS) cul tured for eight days in the presence of soap containing hexa-
chlorophene 0.66 J.!g/ml medium. The plasma membrane has become detached from the cell wall and folded many 
t imes throughout the cytoplas m. The normally electron dense cytoplasm is now electron lucent. x 62,000. 
FIG. 4. Dividing cell of C. acn.es (strain CACCS) cul tured for eight days in the presence of soa p containing hexa-
chlorophene 0. 66 J.lg/ml medium . The cell wall displays a rather irregular thickness and poorly demarcated edges. 
Appea rance of the plas ma membrane is similar to that in Fig. 3. The cytoplas m is also electron lucent. x 80,000. 
FIG. 5. Dividing cell of C. acn.es (strain CAAV 12-1) cul tured for eight days in the presence of soa p containing hexa-
chlorophene 0.66 ~tg/ml medium . The cell wall is also irregular in thi ckn ess and not sharply demarcated. Segment 
of the plas ma membrane are clea rly detached from th e cell wall . Only a few electron dense areas are seen througb-
out the cyto plasm. x 60,000. 
FIG. 6. Cell of C. acn.es (st rain CAAV 12- 1) cul tured fo r eight days in the presence of soap containing hexachloro-
phene, 0.66 J.lg/ml medium. Features of th e cell wall resemble those in Figs. 3- 5. In one area, however, the integrity 
of the cell wall seems lost (arrow) . Remnants of the plas ma membrane and cytoplasmi c material are still seen. 
X 75,000. 
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H owever, the different degrees of morphologic 
changes, ranging from minima l a lterations to se-
vere damage and lys is, observed in this study 
indicate that HCP may act both as a bac te ricida l 
a nd bacteriostatic age nt . It should be emphasized 
t hat Silverna le measured HCP-induced cellula r 
alterations in B. megaterium by both quantitative 
and qualitative methods (16) . His data indicated 
that: a) a primary letha l action of HCP at low 
concentrations causes minimal physica l damage 
to t he cytoplasm ic membrane and inactiva tes 
respiratory enzymes; b) a secondary action at 
higher concentrations physica lly disrupts the cy-
toplasmic membranes and impairs both enzy-
matic and permeab ility functi ons. 
Results of this study should not be interpreted 
as a reason for using hexachlorophene in the 
t reatment of acne vu lgaris. Rather they indicate 
that the mechanism of antibacterial action of 
hexachlorophene is a multiple and complex one 
which deserves further investigation . 
We thank Brenda Da iley, Ma ry Lucas, Dadie Perry, 
Pam Pierce, Gwen Ramer and Barbara Williams for as-
sistance in this projec t. 
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